Exposure to moderate levels of ethanol during brain development has a number of effects on social behavior but the molecular mechanisms that mediate this are not well understood. Gaining a better understanding of these factors may help to develop therapeutic interventions in the future. Zebrafish offer a potentially useful model in this regard. Here, we introduce a zebrafish model of moderate prenatal ethanol exposure. Embryos were exposed to 20 mM ethanol for seven days (48hpf-9dpf) and tested as adults for individual social behavior and shoaling. We also tested their basal anxiety with the novel tank diving test. We found that the ethanolexposed fish displayed reductions in social approach and shoaling, and an increase in anxiety in the novel tank test. These behavioral differences corresponded to differences in hrt1aa, slc6a4 and oxtr expression. Namely, acute ethanol caused a spike in oxtr and ht1aa mRNA expression, which was followed by down-regulation at 7dpf, and an up-regulation in slc6a4 at 72hpf. This study confirms the utility of zebrafish as a model system for studying the molecular basis of developmental ethanol exposure. Furthermore, it proposes a putative developmental mechanism characterized by ethanol-induced OT inhibition leading to suppression of 5-HT and upregulation of 5-HT 1A , which leads, in turn, to possible homeostatic up-regulation of 5-HTT at 72hpf and subsequent imbalance of the 5-HT system.
Introduction
Maternal alcohol consumption during pregnancy results in a range of effects on the developing fetus, collectively referred to as Fetal Alcohol Spectrum Disorders (FASD; Paintner et al., 2012) . FASD are characterized by a range of teratogenic and psychological defects, and represent the leading non-hereditary cause of mental retardation, with the prevalence estimated at between 2 and 5% of the population of the USA and western Europe (May et al., 2009) . At the extreme end of the spectrum, when mothers drink heavily during pregnancy, fetal alcohol syndrome (FAS) typically results in gross skeletal and craniofacial abnormalities, and severe CNS dysfunction (Hanson et al., 1976) . Moderate alcohol consumption (e.g., equivalent to 1-2 drinks/day, average BAC 0.01-0.04 g/dL Valenzuela et al., 2012) is associated with a range of more subtle cognitive and behavioral defects, including aggression and depression (Sood et al., 2001 ), vulnerability to stress (Hellemans et al., 2008) , impulsivity and inattention (Streissguth et al., 1989; Suess et al., 1997) , and poor scholastic performance (Olson et al., 1998) .
Social behavior in offspring exposed to alcohol during gestation (PNE) has been extensively studied, with deficits ranging from problems forming social relationships to severe antisocial behavior (Keil et al., 2010; Kelly et al., 2000; McGee et al., 2008; Rasmussen et al., 2011; Roebuck et al., 1999; Thomas et al., 1998) . The heterogeneous nature of social relationships in humans is such that social deficits observed in PNE children are likely to be the result of numerous additive or interactive factors, ranging from insecure attachment styles in both the offspring (O'Connor et al., 2002) and caregivers (Swanson et al., 2000) , to deficits in perception of social cues or the ability to sustain functional relationships (Kelly et al., 2000) .
Preclinical models have typically used animals to gain insight into neurobiological processes underlying the social deficits associated with PNE. For example, recent work from Hamilton et al. (2010) 
